Synopsis We are currently experiencing shifts in climate at rates not previously recorded. One important aspect of this change is a tendency toward extremes-extremes in temperature and moisture, both within and among years. Numerous studies focus on the physiological consequences of environmental change, especially in terms of ectothermic taxa's thermal regime and use of habitat. For many species, though, cognitive responses may be a means of response to environmental perturbation. However, the effects of environmental change on the general mechanisms of cognitive processes and their implications for larger phenomena are seldom examined. Moreover, at a larger scale, we do not fully understand the features of the environment that might select for cognitive enhancements or their mechanisms, making us unable to accurately predict which species might experience the most severe response to environmental change and in which environments. This symposium brought together scientists from numerous disciplines to examine the role of cognition in how organisms cope with changing environments. We cover topics from the perspectives of the physiological mechanisms underlying and driving cognition to the complexity of individual behavioral responses in changing environments to emergent large-scale processes influencing species' abilities to respond to such change. Our ultimate goals are to explore how animals use cognition to cope with rapid environmental change, how such coping mechanisms ''scale up'' to affect ecological and evolutionary patterns, and how we might determine which features of the environment have been (and will become) most important for the conservation of biodiversity.
Introduction
We live in a changing world. Whether this change is natural or exacerbated by human-induced factors, the environment is in constant flux. How animals adapt physiologically and behaviorally to such environmental change is an important and current topic in biology (Parmesan 2006; Deutsch et al. 2008; Sih et al. 2010 Sih et al. , 2011 Németh et al. 2013; Wingfield 2013; Wong and Candolin 2015) . A great deal of such research focuses on animals that live in extreme environments (e.g., thermal or hydrological extremes) (Foden et al. 2008) . However, as a result of global environmental change, we are beginning to see not only extremes in environmental conditions, but increased rates of change in environments-extreme alternation of habitats, extreme changes in temperature and moisture, and extreme modifications to the nutrient cycle (Kundzewicz et al. 2008 ). Significant portions of these are human-induced and occur at historically rapid rates (Vitousek et al. 1997; Halpern et al. 2008; Sih et al. 2011) . Due, in part, to such changes, nearly one-third of all animal species are threatened and nearly 60,000 are facing extinction annually (Scheffers et al. 2012 ; IUCN Red List of Threatened Species 2013). Thus, the response of species to this type of environmental change must be equally rapid; otherwise, extirpation and in some cases extinction may result. Determining how we combat this ongoing catastrophic loss of global biodiversity represents one of the grand scientific challenges of our time.
Numerous studies focus on the physiological consequences of environmental change in terms of the physiological response to increasing temperature (e.g., Sinervo et al. 2010; Sears and Angilletta 2011; Pincebourde and Woods 2012; Potter et al. 2013 ). These focus especially on thermal adaptation in terms of the suitability of potential habitat, current and future patterns in the use of habitat, and the availability of suitable thermal environments. Many studies focus on consequences of possessing (or not) adaptations for the survival of a species in a given location via modeling and empirical work (Crozier and Dwyer 2006; Kearney et al. 2008; Kearny and Porter 2009; Buckley 2010; Angilletta and Sears 2011) .
The strength of this physiologically based paradigm lies in its reductionist and highly mechanistic approach. Accordingly, studies that take this approach generate very precise conclusions justified with, and based on, very specific physiological mechanisms (e.g., cellular, biochemical, and neural pathways). Some species can respond physiologically to a wide range of environmental conditions with the same functional outcome (i.e., wide performance breadth) (Niehaus et al. 2012; Araú jo et al. 2013) . For example Logan et al. (2014) recently transplanted a population of brown anoles (Anolis sagrei) into a novel environment in which they experienced warmer, more thermally variable thermal conditions, mimicking the impact of a warming climate. They found that strong conditions favored individuals that could run faster at higher temperatures and that could do so across a broader range of temperatures (i.e., a wide performance breadth was favored). Similarly, Smit et al. (2013) investigated thermoregulation and the use of heterothermy in Whitebrowed Sparrow-Weavers (Plocepasser mahali) relative to local environmental severity. They found that even small changes in temperature can favor increased thermal performance breadth in an endotherm, thereby limiting the costs of thermoregulation.
Still, the extent to which the breadth of that performance is limited is a function of those chemical and biomechanical processes (e.g., Angilletta et al. 2003; Berger et al. 2014) . For example, Araú jo et al. (2013) surveyed thermal tolerances across a wide range of ectothermic (n ¼ 697) and endothermic (n ¼ 227) species and found evidence that physiological boundaries markedly constrain the evolution of thermal tolerances. Similarly, Donelson et al. (2011) raised generations of spiny chromis damselfish (Acanthochromis polyacanthus) under either present-day or elevated (þ1.58C and þ3.08C) water temperatures. Even careful acclimation to the elevated temperature could not preclude an increase in metabolic rate and a marked reduction in size and overall health and condition, suggesting that physiological limitations on performance breadth can have marked implications for the ability of animals to respond to environmental change.
Biochemical constraints on physiology may preclude some species from responding to particularly rapid changes in selection pressures (e.g., Muñoz et al. 2014; Buckley et al. 2015) . This is due in part to the fact that many of the mechanisms that underlie many physiological processes are often highly complex and conserved, making them difficult to manipulate independently of others processes (e.g., Garland and Carter 1994; Angilletta et al. 2002; Ricklefs and Wikelski 2002) . Thus, even relatively minor changes in processes underlying basic physiology can have catastrophic effects to the whole organism, likely disrupting basic physiological function and reducing fitness (e.g., Garland and Carter 1994) . Consequently, many physiological attributes require evolutionary time to be modified at the population level (e.g., Buckley et al. 2015) . So, if rates of environmental change are rapid (and/or severe) relative to the relatively slower rates of evolutionary physiological change, substantial time lags in the suitability of a population to local environmental conditions might exist. Such a mismatch of environmental and physiological change will likely have dire consequences for biodiversity. Given the speed at which physiological change typically occurs, many species that depend solely or mostly upon genetic strategies to respond to rapid environmental change will likely be unable to tolerate current environmental insults (e.g., Parmesan 2006; Buckley et al. 2015) .
We argue that by altering their behavior organisms can respond to increased rates of environmental change in a more flexible and timely manner. A major distinction between a behavioral response to environmental change and that of the more traditional physiological approach is that behavioral changes can occur with much greater plasticity and in ''real time'' to changing events. Thus, behavior might afford organisms the flexibility to respond to new selective pressures (e.g., those associated with anthropogenic change) rapidly without the constraints associated with the evolution of physiological processes. Thus, behavioral plasticity might serve as a ''bridge'' for, or even become a ''surrogate'' for, genetic/evolutionary change as they both allow individuals to rapidly respond to local/changing conditions (e.g., Brown 2012; Muñoz et al. 2014) . The consideration of behavior as a possible alternative response to evolutionary pressures is certainly not a new idea. Baldwin (1896) suggested that behavior could be a means of escaping evolutionary extinction (see Simpson 1953) . More recently, numerous authors have considered the role of behavior in ectotherms' responses specifically to global warming (e.g., Huey and Tewksbury 2009; Brown 2012; Muñoz et al. 2014) . Indeed, behavioral thermoregulation seems a viable way to extend the ''performance breadth'' of ectotherms, especially those in temperate climates ).
Our interests in species' responses to environmental change are more than the response to increased temperature, as is the case of behavioral thermoregulation of ectotherms. Previous insight into the importance of integrating behavior into physiological models has made a great deal of progress in the field (e.g., Sears and Angilletta 2015) . However, animal species are constrained by, and must respond to, much more than just temperature or metabolic rate. Species have a multitude of different physiological, morphological, and ecological problems to which they must respond. These problems become more apparent with the added pressures of rapid change.
A key aspect of any animal's behavioral response to changing environments is behavioral flexibility, which we categorize here as learning and cognition (e.g., Kotrschal and Taborsky 2010) . We define cognition according to Shettleworth (2012) as ''all processes involved in acquiring, storing, and using information from the environment.'' Although somewhat vague, we argue that this definition emphasizes the true nature of the breadth of this phenomenoncognition influences nearly every aspect of an animal's existence, yet has been all but ignored in discussion of environmental change or in ecological studies (Real 1993; Sih et al. 2011; Greggor et al. 2014; Mettke-Hofmann 2014) . Moreover, this definition stresses the disconnect between many ecological and physiological studies in terms of making assumptions about the importance of information, individual decision-making, and the species' ability to respond to that information, i.e., to ''think.'' The consideration of cognition, then, as a ''surrogate'' for evolutionary responses with respect to environmental change opens up the domain of response of animals to any number of problems with any number of possible solutions (e.g., foraging, navigation, predation, social interactions, as well as thermoregulation). Thus, by integrating cognition into our thinking about species' response to rapid environmental change, we consider the relevance of the behaviors associated with information processing, learning, and responding to the environment. Put a different way, we are putting the ''animate'' into the ''animal,'' thinking about behavior not just in terms of overly simplified interactions with an environment, but contextualizing the integrative responses of animals to their environment to understand the need, for example, of certain types of information (e.g., the distribution of resources) at certain times (e.g., critical periods of learning), and collected in certain ways (e.g., perceptual plasticity). Moreover, we consider how animals respond when that information either is limited or is inconsistent due to changing environments (e.g., decision making).
Understanding how animals respond at a cognitive level might reveal important mechanistic aspects of how animals respond to change and might have strong implications for how natural selection works in harsh or variable environments. This approach, we argue, will provide us with a more robust and more realistic understanding of how species might respond to environmental change and changes in anthropogenic environments, how such mechanisms might ''scale up'' to affect ecological and evolutionary patterns, and how we might determine which features of the environment have been (and will become) most important for the management of biodiversity.
The symposium
We organized the symposium to bring together experts from a wide variety of fields with the goal of integrating physiology, neurobiology, psychology, ecology, and evolution within a framework of behavior to better understand how animals might use cognition to cope with rapid environmental change. We parsed the symposium into three sections: proximate mechanisms (neural, hormonal, and genetic), individual behavioral responses (perception, decision making, and learning), and the larger-scale ecological/evolutionary implications (conservation and evolution) of cognition as a response to environmental change. Although each section could, in principle, comprise its own symposium, we chose to take a broad approach to highlight the value of integrating these different perspectives (Rubenstein et al. 2014) . By allowing our discussion to move among different levels of biological analysis, we hope to better understand the true weight of cognition as a platform to transform our understanding of how animal species respond to rapidly changing environments.
Understanding how proximate mechanisms of cognition respond to changing environments
The effects of environmental change on the general mechanisms of cognitive processes and their implications for larger phenomena are an aspect of the response to environmental change that is seldom examined. Croston et al. (2015) take a mechanistic approach to consider the production and maintenance of variation in the neural mechanisms associated with cognitive abilities as they relate to variation in the climates experienced by different populations within species. Using two model species of foodcaching birds, they address the importance of behavioral and geographic isolation in shaping differences in the brain and in behavior across populations experiencing different demands of selection on spatial memory. In food-caching birds, severe winter climates seem to select for refinement of the cognitive abilities that confer foraging success. By extension, Croston et al. contend that variation in winter climate should reflect variation in the selection pressures on such abilities. Several mechanisms could potentially underlie this variation-local adaptation, environmentally based plasticity, experience-based plasticity, developmental differences, and/or epigenetic differences. Data on both brain anatomy and behavior collected from both focal species and across gradients of elevation, latitude, and longitude best support the hypothesis that local adaptation drives population-level differences in spatial memory. Data on epigenetic modifications to memory are insufficient to explain the documented variation in populations. Similarly, Croston et al. suggest little support for environmentally induced plasticity or developmental differences as major causal influences of population differences related to environmental gradients.
Advances in neuroscience in recent decades have established that the process of neurogenesis in adult animals-a process once thought impossible-is in fact both plastic and common (Kempermann et al. 1997; van Praag et al. 1999 van Praag et al. , 2000 Roth et al. 2012) . What remains less clear, however, is the functional significance of neurogenesis as it relates to learning in stressful environments. Although common modulators of hippocampal neurogenesis are well documented, including spatial learning, stress, and environmental fluctuation and the individual influence of these factors on neurogenesis, interrelationship between these factors, remains unclear (McEwen 1999) , especially in naturalistic environments. To address and unite these outstanding issues, LaDage (2015) focuses on environmental stress and its non-linear effect on neurogenesis as a means of influencing behavioral plasticity and cognitive abilities. She integrates the fields of ecology, psychology, animal behavior, and neuroscience to better create accurate and predictive models of the effects of environmental change on cognition.
Individual-level experiences in changing environments
At this level, we examine the processes by which individuals assess, perceive, and respond to environmental change in real time. For example, we know little about how animals modify their communication in anthropogenic habitats, especially those that involve high levels of ambient noise. Kight and Swaddle (2015) highlight the changes in the characteristics of the songs of Eastern Bluebirds (Sialia sialis) living in anthropogenically altered acoustic environments as a function of structural changes in those habitats. They investigate these patterns by quantifying both among-males and within-male adjustments of song in response to ambient noise, and addressed whether observed variation in song could be explained by degree of local anthropogenic modification of the habitat. Kight and Swaddle report that ambient noise levels were associated both with the average song parameters of each male and with the change in the parameters of a male's song between the loudest and quietest periods at his nest; louder, higher-pitched songs were associated with noisier sites, and individual males demonstrated immediate alteration of vocalization in response to ambient noise. They suggest that studying animals in highly variable and disturbed environments will lead to an understanding of how the interaction between behavior and the environment influences the evolution of communication.
One means by which animals avoid extreme environmental fluctuation is migration. However, successfully employing this strategy hinges on the availability and reliability of sensory cues and guidance mechanisms by which to navigate. We have yet to fully understand how species learn to recognize such cues and assess their validity. Putman (2015) examines the cognitive strategies utilized by salmon (Oncorhynchus spp.) to respond to changes in the Earth's geomagnetic field as they navigate during migration. Fundamental to the spatially-explicit nature both of the intensity and the angle of inclination of the Earth's magnetic field, which when combined, form a bicoordinate grid system. When naïve animals are experimentally exposed to magnetic fields from locations along traditional migratory routes, they alter their orientation. However, as the magnetic field changes gradually and unpredictably-changes that can, in principle be substantial-this ''drift'' of the magnetic field might also influence the migratory mechanisms of marine animals. Putman addresses possible mechanisms by which animals might mitigate the effects of geomagnetic drift, and discusses promising new avenues for research into how animals could exploit the geomagnetic field to mitigate the effect of environmental change. This contribution is a wonderful reminder that animals respond to environmental change across many forms and modalities and across many temporal and spatial scales (see also Roth and Krochmal 2015) .
Large-scale implications of cognition for understanding change
Understanding both the biotic and abiotic factors responsible for the evolution and maintenance of cognitive traits is particularly important for our understanding of the effects of environmental change and anthropogenic effects on species. The proficiency in problem-solving and propensity for innovation are both positively associated with sociality (e.g., Webster and Lefebvre 2001; Liker and Bó kony 2009 ). Enhanced cognitive performance can be driven by large-scale evolutionary changes, but phenotypic plasticity and developmental processes also can shape cognition. Social experiences might themselves enhance cognition by providing situational learning opportunities, or through mechanisms of environmental enrichment. Sewall (2015) reviews the validity of the Social Intelligence Hypothesis as an explanation for the evolution of advanced cognitive abilities. She examines the role of the changing social environment and the social dynamic and complexity that emerge in creating specialized communication in a variety of taxa. By considering both evolutionary change and phenotypic plasticity, Sewall (2015) resolves some of the confusion surrounding social dynamics and communicationrelated cognitive skill.
In the context of global change the possible loss of biodiversity and ecosystem services has been identified as a major concern, especially in geographically restricted species (Parmesan 2006) . Biodiversity could be seriously threatened as a direct consequence of changes in the availability of food, changing thermal conditions, and loss and fragmentation of habitat. Considering the magnitude of global change, the understanding of the mechanisms involved in coping with a changing environment is urgent. González-Gó mez et al. (2015) take a traditional comparative approach to consider the effects of habitat predictability and diversity on the breadth and flexibility of behavioral responses. One of the most fundamental means by which organisms might adapt to such unpredictable changes is via enhanced cognition, which would, in turn, augment problem solving ability and the ability to maximize the rate of energy intake, behaviors linked to increased survival in changing landscapes. Gonzalez-Gomez et al. propose hummingbirds as a compelling model in which to investigate the relationship between behavioral and energetic strategies across individuals exposed to different degrees of social heterogeneity and environmental variability, ultimately suggesting that energetic demands might drive some aspects of the evolution of cognition.
Finally, Foster et al. (2015) examine the relevance of the Baldwin Effect, i.e., the hypothesis that learning can modify the selective environment for the learned trait and save species from extinction (Baldwin 1896; Simpson 1953) , using the threespine stickleback fish (Gasterosteus aculeatus) as an example of adaptive radiation. They suggest that behavioral responses to environmental shifts might create phenotypic innovations in different environments. However, as these behavioral responses to local environmental change, such as that associated with human activity, may occur in geographic isolation, dissociating the roles of behavior, genetic isolation, and environmental change on evolution and species persistence may be difficult and require cautious interpretation.
Overall, we hope that this integrative approach will provide us with a more complete picture of how animals respond to our changing world and will spark discussion and debate about the value of current approaches to understanding rapid environmental change. We contend that a better understanding of the role of behavior and cognitive processes in animals' response to such change, as it is integrated into the existing physiological models, might lead to better predictions of the effect of environmental change on a wider variety of species, enhanced predictive models of species' response to environmental change, and a better understanding of the complex and multifaceted patterns in biodiversity that might result.
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